CycLoBUTYL B-NAPHTHALENESULFONATE SOLVOLYSIS

Cyclobutyl g-Naphthalenesulfonate Solvolysis.

considerable anchimeric assistance.

borates the absence of significant nucleophilic participation by solvent.

Considerable evidence®'* has been presented to sup-
port the contention that the unusual solvolytic re-
activity of cyclopropylearbinyl derivatives in a wide
spectrum of solvents is due to anchimerically assisted
ionization (ka)®* and not due to solvent nucleophilic
participation (k).

The relative importance of anchimeric (ky) and sol-
vent (k) assistance upon the overall solvolysis rate
(ks) of cyeclobutyl derivatives (in the same spectrum
of solvents) is less well defined.®®
due to the lack of a suitable model for evaluating the
unassisted lonization rates (k)% of secondary sub-
strates.

Recently, two such models have been proposed, 2-
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The solvolysis rates of cyclobutyl 8-naphthalenesulfonate (4-ONas) have been determined in a series of solvents
of varying ionizing strength. The correlation of 4-ONas solvolysis rates with those of 2-adamantyl tosylate and
pinacoyl brosylate reveals that 4-ONas suffers solvolysis with little nucleophilic assistance by solvent but with
The product distributions of 4-ONas in a wide spectrum of solvents corro-
TasLe 1
SovLvoLysis RATES FOR CYCLOBUTYL 3-NAPHTHALENESULFONATE
Infinity
Solvent Temp, °C k1, 105 sec—? %
HCO,He 15 86 £ 1 100
20 160 = 5 100
25 270 + 8 100
25 430 = 7° 100
30 400 4 10 100
WY CF;CH.OH"* 25 10 = 0.2¢ 77
In part, this is 33 25 + 0.5 )
44 58 L 24 78
50 99 = 0.5 78
EtOH 50 1.36 == 0.04 100
50 1.38 = 0.05/ 100
50 1.38 &= 0.03¢ 100

adamantyl tosylate*and 3,3-dimethyl-2-butyl (pinacoyl)
brosylate.” The former is described* as a new stan-
dard for k-type behavior without mention of ion-pair
return. The latter is proposed” as a new standard
for k-type behavior unaccompanied by ion-pair return.

This paper reports the results of an investigation
where the solvolytic behavior of cyclobutyl S-naph-
thalenesulfonate, 4-ONas, was compared with that of
2-adamantyl tosylate and pinacoyl brosylate. The
data indicate that eyclobutyl S-naphthalenesulfonate
suffers solvolysis in a wide range of solvents with little
nucleophilic assistance by solvent but with considerable
anchimeric assistance.

The first-order rate constants for solvolysis of eyelo-
butyl B-naphthalenesulfonate in various solvents are
summarized in Table I. The reaction progress was
followed by titrating the liberated 8-naphthalenesulfonic
acid. The solvolysis reaction of 4-ONas in 2,2,2-tri-
fluoroethanol was accompanied by 229 internal return
isomerization.! The apparent first-order rate con-
stants, ki, in this solvent were computed on the basis
of the acid infinity titer and, therefore, are a sum of
the rearrangement and the solvolytic rate processes.
The fact that the infinity titers in urea buffered and
unbuffered reactions were identical supports an in-
ternal return isomerization and not a competing acid-
catalyzed isomerization.

The product distribution data listed in Table II
reveal a marked similarity in all solvents. This result
strongly suggests that the same cationic species reacts
with solvent in all the investigated solvolysis reactions.
The possibility that the reported produet distributions
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ple 0.045 M in HCO:Li and 0.015 M inester. ¢ AH¥* = 16.9 =+
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are the result of subsequent isomerization reactions
has been ruled out by previously reported product sta-
bility studies.!:29

It is particularly noteworthy that the amount of
unrearranged ethanolysis product is no greater than
the amount of unrearranged formolysis product. This
observation coupled with the very low degree of nu-
cleophilic participation by azide ion!® argues in favor
of a similar low degree of nuecleophilic participation
by solvent in the ethanolysis reaction of 4-ONas.

The correlation of the eyclobutyl g-naphthalenesul-
fonate solvolysis rates with those of (a) neophyl tos-
ylate, (b) 2-adamantyl tosylate, and (c) pincaoyl
brosylate (¢f. Figure 1) affords considerable insight
concerning the relative importance of the k. and %,
pathways in the solvolysis of 4-ONas., For instance,
the good linear free-energy correlation between log &
for 4-ONas and neophyl tosylate can be interpreted
in terms of discrete ks and k. solvolysis processes!?
and, more importantly, that the ks route is dominant
for the solvolysis of 4-ONasin all investigated reactions.
This interpretation is true to the extent that log k.
(neophyl tosylate) is a good model for anchimerically
assisted solvolyses.1®
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TasrL II
SoLvoLysis PropucTs FOR CYCLOBUTYL B~NAPHTHALENESULFONATE

Solvent Buffer
EtOH C:H ;N
AcOH NaOAc
AcOH NH,CONH,
HCO,H¢ HCO;Na

08

s Taken from data of K. L. Servis and J. D. Roberts, J. Amer. Chem. Soc., 86, 3773 (1964).
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Figure 1.—The linear dependence of log kion for 4-ONas on log
kion for neophyl tosylate, A; onlog kig, for 2-adamantyl tosylate,
B; onlog kion for pinacoyl brosylate, C.

It is also seen in Figure 1 that a good linear free-
energy correlation exists between log & for 4-ONas
and log k. for 2-adamantyl tosylate, a model for limit-
ing* solvolytic behavior. This observation corrobo-
rates the interpretation that the k, pathway plays
only a minor role in the solvolysis reactions of 4-ONas.

The correlation between log k for 4-ONas and log k.
for pinacoyl brosylate further reinforces the interpreta-
tion that nucleophilic participation by solvent plays a
minor role in the solvolysis of 4-ONas. The accelerated
ethanolysis rate of pinacoyl brosylate observed in this
correlation is also observed in a similar correlation
with log k. for 2-adamanty! tosylate and lends addi-
tional support to the contention that the ethanolysis
of 4-ONas is accompanied by only a low degree of
nucleophilie participation by solvent.

Finally, the large magnitude of the ka/k. data re-
corded in Table III are cited in support of the specula-

TanLe II1

AssisTED/UNassisTED RATE RaTios For 4-ONas, 25°
B k{-ONa- kA/kca

Solvent j2AdOTe 4-ONas
CF;CO,H 10213 108-23
HCO.H 102.38 108-48
CF;CH,0H 10824 10550
CH;CO;H 10261 1067t
CH,CH,OH 103.31 108-41

¢ Obtained by multiplying k4-0Te/f2-AdOTs Ly 10%! the in-
herent k,2-AdOTs /[ 4-OTe patio,

tion that the ks route is, indeed, the dominant pathway
while the solvent unassisted pathway, k., plays only a

Ef [>—Cch,08 CH;=CHCH:CH,08
42 53 5
44 52 4
45 51 4
45 45 10
minor role in the solvolysis of 4-ONas. The value

of k.(cyclobutyl)/k.(2-adamantyl), the solvent in-
variant rate ratio,* was estimated by use of the rate
data calculated by Schleyer!* from steric and cori-
formational considerations and by use of eq 1,'® where

kc4-OTs kre14-OTs . .
10g ]ZQ:Ad-OT-S =~ log ]m?-_A'EGTS = A(stenc stram)4 -2 (l)

it is noted that the steric strain term reflects the en-
hanced steric strain introduced into the cyclobutyl
and 2-adamantyl systems by generation of trigonal
center typical of a classical cation.

Experimental Section

A Beckman GC-4 chromatographic instrument equipped with
a thermal conductivity detector and 8 ft X 0.25 in. columns of
209, diethylene glycol succinate on Chromosorb W, AW-DMCS
(45-60 mesh), and 209, 1,2,3-tris(2-cyanoethoxy)propane on
Chromosorb W (30-60 mesh ) were used for analytical gc work.

Cyclobutyl g-naphthalenesulfonate (4-ONas) resulted when 2-
naphthalenesulfony} chloride (8.0 g, 0.35 mol) was mixed with
cyclobutanol (2.16 g, 0.30 mol) and 40 ml of redistilled sym-
collidine at 0°. After being allowed to stand 16 hr at 0°, the
reactivn mixture was acidified with cold, 109, aqueous HCI.
The precipitated ester was separated on a Biichner funnel,
washed three times with cold acid and three times with cold
water, and air-dried to yikld 7.3 g of crude ester. Recrystalliza-
tion ffom 1:1 petroleum ‘ether: .(bp 30-60°)-ether gave 4.6 g
(58%)-of white crystals, mp 75-76° (lit.!® mp 75-76°).

vents.—Acetic acid solvent was prepared from 994.9 mi &f
glacigl-acetic acid (Matheson Scientific, 99.8%) and 5.1 ml of
acetic anhydride. Absolute ethanol was prepared according to
the method of Fieser.)” 2,2,2-Trifluoroethanol (Aldrich Chem-
ical Co.) was redistilled just prior to use. Formic acid solvent
was stored several days over boric anhydride, decanted, and dis-
tilled ffom fresh anhydride.

Cytlobutyl g-Naphthalenesulfonate Ethanolysis Products—
Cytldbutyl g-naphthalenesulfonate (1.13 g, 5 mmol) was dis-
solved:in sufficient absolute ethanol (containing 10 mmol of driy
pyridifie) to give 25 ml of solution. After 11 half-lives at 50°,
the solution was diluted with 150 ml of water and continuously
extracted with ether for 3 days. The ether extract was washed
with dilute, aqueous HCI and cold water and dried (Na,SOy), and
most of the solvent removed by distillation. Analysis by ge
revealed, in addition to solvent, the presence of ethyl allyleat-
biny] ether, ethyl cyclobutyl ether, and ethyl cyclopropylear-
binyletherin theratio 1:8.4:10.8, respectively.

Cyclobutyl 3-Naphthalenesulfénate Acetolysis Products.—
CycléButyl g-naphthalenesulfonate (1.13 g, 5 mmol) was dis-
solved in sufficient acetic acid solvent (containing 7.5 mmol of
NaOAc¢) to give 23 ml of solution. After 11 half-lives at 50°,
the solution was diluted with 130 mlof water and continuously
extracted with ether for 2 days. The cther extract was neu-
tralized with NallCO;, washed with water, and dried (Na,SO4)
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and most of the solvent removed by distillation.  Analysis by
ge revealed, in addition to solvent, the presence of .tllylcarbinyl
acetate, cyclobutyl acetate, and (_',(lopr()pyl( arbinyl acetate in
the ratio 1:11.0:13.0, respectively. A repeat of this product
tun where urea was used as the buffer in place of NaOAc gave the
same analytical result.

Rate measurements were accomplished by usual technjques.'®
The titrating solutions were, far formolysis, 0.020.V sodium ace-
tate in acetic acid and, for ethanolyses and trifluoroethanolyses,
0.020 .V sodium methoxide in anhydrous methanol. The indi-
cators used were bromphenol blue (in peetic acid), bromthymol
blue (in water), and bromphenol blue (in 20 aqueous (JtOH),
respectively.

(18) . D. Roberts, J. Org. Chem., 3%, 204 (1964).
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Treatment of Kinetic Data.—The rate constants, &, used in
Figure 1 for the acetolysis and 2,2,2-trifluoroethanolysis were
caleulated according to the following scheme: k = k/(F +
| 3 1— F’’y which was derived from k. = Fk + F'k + F''k where
I = fraction of ion pair yielding solvolysis products, F' = frac-
1i(m of ion pair collapsing to allylearbiny! B-naphthalenesulfonate,
and 7 = fraection of ion pair collapsing to eyclopropylearbinyl
#-naphthalenesulfonate. Tt was assumed that the ratio of total
anion collapse to solvent collapse is a constant in a given solvent
independent of the detailed distribution of charge in the inter-
mediate.  For acetolysis, & = 34.3 X 1077 see™t compared to
ke o= 24 X107 see L For 2,2.2-trifluoroethanolysis, k = 16
X 108 see~ compared to ky = 10 X 10 % sec™?,
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p- 'I()luenesulfonyla/oxtilbene and 2-p-toluenesulfonylazo-1,3-diphenylpropene have been synthesized and de-

composed in benzeng at 90° and in chloroform at 25°.

The results obtained are consistent with a leurmngment

of p-toluenesutfonylizodnes to the corresponding 2-p-toluenesulfonyldiazo compounds and suceessive protic de-

composition.
tralization of vinyldigzoninm ions.

Recently, two papers conegrning the reaction of p-
tolpenesulfonylhydrazine with ketones bearing a leav-
ing group on the adjacent carbon have appeared.  The
first paper? reports the formation of diphenylacetylene
from benzoin acetate and benzoin benzoate p-toluene-
sulfonylhydrazones with dlkuli The proposed meehan-
ism, however, is at variange with experimentg .pre-
viously reported by us.®4 .Th‘e second paper® copeerns
tho reaction between p-toltenesulfonvlhydrazine. and
a-X ketones via p-toluengsulfonylazoenes.

We wish to report here some experiments that con-
firm the peculiar reactivity of the S-N bond in p-
toluenesulfonylazoalkenes,  In aprotic solvents, treat-
ment of a-acetoxydeoxybenzoin and a-acetoxy-1,3-
dxphonylpl()p we-2-one  p-toluenesulfonylhydrdggues
-with bases gives the corresponding p-toluenesulfonyl-
‘agostilbene (I) and 2-p-toluenesulfonylazo-1,3-diphenyl-
propene (II).

H N- NTs H N- NTx
|
l’hé)-—-rgtl’h PhC= J)()Hl’h
I
H
1 1

The mechanism of the formation of these compounds
is consistent with 1:4 elimination of AcOIl by basic
treatment.**  The p-toluenesulfonyvlazoenes obtained
are yellow compounds which decompose on melting, and
their structure has been assigned on the bases of analyti-
eal and spectroscopic data (Experimental Section).

The thermal decompositions of T and II in dry ben-
zene at 90° resulted in the evolution of nitrogen and the
disappearence of the vellow color of the solution.  The
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The formation of diphenylacetylene and 1,3-diphenylallene can be aseribed to an internal neu-

mixtures obtained by evaporation of the solvent were
separated by column chromatography on silica gel to
give the compounds shown in eq 1 and 2.

P’h Ph Ph Ts
Cellg \ / N
I —> PhC=:CPh + =0 + C=C (1)
A / AN / AN
H Ts H Ph
V, 28¢, VII, 34¢; VIILI, 349,

TsH
Ts

PhCH - ‘(:nJ:m’h
X1V, 85¢

PhC:z=CCH,Ph
XI, 18%

Csltle
m— + + + (2)
PhC: <C- -‘(Itl’h ? INNIIT‘S
I
i 11 PhCHCCH,Ph

X1, 109 XV, 30,

The same results were obtained if T or IT were allowed
to stand at room temperature for several hours in
CHCI; solution.  The yields of the products were sub-
stantially unchanged compared with those from the
thermal decomposition in benzene.

In the case of I, the initial yellow color of the solution
turned pink during the first hour of reaction, and then
this color slowly disappeared while nitrogen was evolved.
A pink compound (mp 95° dec from benzene-n-pen-
tane) was obtained by removing the chloroform under
reduced pressure, in the cold, when the pink color of the
solution had become most intense. The analytical
values and the physicochemical dutu suggest that this
compound is I-p-toluenesulfonyl-1,2-diphenyl-2-diazo-
ethane (IV). The re: urangement ()t I to IV has been
followed at 25° by scanning the visible spectrum be-
tween 350 and 700 mu every 16 min.  The disappear-
ence of the band at 342 mg of 1 is consistent with the
formation of the band at 500 mu of IV, The absorp-
tion curves for this transformation carried out at 25°
in chloroform are shown in Figure 1.



